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Influence of [Emim][OAc] and Water on
Gelatinization Process and Interactions with Starch

Shajaratuldur Ismail, Nurlidia Mansor, Zakaria Man

Abstract—Thermoplastic starch (TPS) plasticized by I-ethyl-3-
methylimidazolium acetate [Emim][OAc] were obtained through
gelatinization process. The gelatinization process occurred in the
presence of water and [Emim][OAc] as plasticizer at high temperature
(90°C). The influence of [Emim][OAc] and water on the gelatinization
and interactions with starch have been studied over a range of
compositions. The homogenous mass was obtained for the samples
containing 35, 40 and 43.5 % of water contents which showed that
water plays important role in gelatinization process. Detailed IR
spectroscopy analysis showed decrease in hydrogen bonding intensity
and strong interaction between acetate anion in [Emim][OAc] and
starch hydroxyl groups in the presence of [Emim][OAc]. Starch-
[Emim][OAc]-water mixture at 10-3-8.7 presented homogenous mass,
less hydrogen bonding intensity and strong interaction between acetate
anion in [Emim][OAc] and starch hydroxyl groups.
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[.INTRODUCTION

N recent years there is growing interest regarding the use of

biodegradable materials due to the environmental problems
associated with conventional plastics including non-
biodegradability, the release of toxic pollutants, litter and
impact on landfills [1], [2]. The other reason apart from
environmental problems are shortage of oil and petrochemical
resources. Conventional plastics are mostly made up from the
petroleum-based plastics [3], [4]. There are many sources of
biodegradable plastics from synthetic to natural polymers.
Natural polymers like polysaccharides and proteins, are
preferable due to availability in large quantities from annually
renewable resources, biocompatibility and biodegradability [5],
[6].

Starch is an important productive, low cost polysaccharide
derived from agricultural plants [7]. Starch exists in granular
form and the granules are broadly composed of alternating
amorphous and semi-crystalline shells (growth rings) (100-400
nm). The semi-crystalline shell is stacked crystalline and
amorphous lamellae (periodicity) (9-10 nm) with all structures
based on two major macromolecules called amylose and
amylopectin.

Native starch is difficult to process because of its brittleness.
This is due to the many hydrogen bonds between the starch
macromolecules which reduce the movement of these
molecules [7]. To improve the starch process ability, the semi
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crystalline granular structure of native starches need to disrupt
and melt [8]. The destruction of native starch granules formed
material called as thermoplastic starch (TPS). This irreversible
order-disorder transition termed gelatinization can be either
obtained by solubilizing starch in water or by treating starch
granules thermo-mechanically in the presence of water [9]. The
transformation of granular starches into TPS is influenced by
processing conditions such as temperature and plasticizer
content. The most commonly used plasticizers in TPS materials
are water and glycerol [8] but several other compounds like
compounds containing nitrogen (urea, ammonium derived,
amines) and citric acid have also been successfully employed.
Those plasticizers are reported to be effective in the
plasticization of starch [6], [10]-[15].

Ionic liquids (ILs) consist of cations and anions are low
melting point salts, often referred to as ‘green solvents’ since
ILs are non-volatile and reusable. ILs can be used to dissolve
solutes of a wide-range of polarities and show varied miscibility
with other solvents by modifying chemical structure of cation
and anion moieties [9], [16], [17]. Starch can be processed with
ILs to give materials with tuneable properties [18].
Gelatinization of starch by ILs is less hygroscopic than a
corresponding sample plasticized by glycerol due to a rather
strong interaction between starch and ILs which in turn limits
the interaction between starch and water molecules [9], [19].

Previous study showed that gelatinization of starch occurs at
70% of total plasticizer contents and 1:4 w/w% ratio of
[Emim][OAc]/water. The present study is to investigate the
influence of [Emim][OAc] and water on the gelatinization
process and interactions with starch over a range of
compositions.

TABLEI
SAMPLE PREPARATIONS OF THE TPS BASED ON THE DRY WEIGHT OF STARCH
Sample Starch [Emim] Water

® [0ACI(® (9
S10-IL3-W5.6 10 3 5,6
S10-IL3-W7 10 3 7
S10-IL3-W8.7 10 3 8,7
S10-IL3-W10 10 3 10
S10-IL1.4-W5.6 10 1.4 5,6
S10-IL1.6-W6.4 10 1,6 6,4
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IL.LMATERIALS AND METHODS

A. Materials

Tapioca were purchased from local farmer (Kulim, Kedah).
[Emim][OAc] was purchased from Sigma-Aldrich. Deionised
water was used in all experiments.

B. Preparation of Starch

Starch were obtained according to a previously described
method [20]. Briefly, the fresh root of tapioca was washed, cut
and crushed into small pieces. The crushed roots were mixed
with water and blended to obtain starch slurry. The mixtures
were filtered using filter cloth and the filtrates were left for 24
hrs for the starch to fully settle at the bottom. After complete
sedimentation, the extract starch were dried in an oven for 24
hrs at 60°C to obtain starch powder.

C. Sample Preparation

Starch was well blended with a mixture of [Emim][OAc] and
water based on the Table I. Firstly, [Emim][OAc] and water
were mixed for 5 minutes. Then, the liquid mixtures were added
into starch powders while slowly shaking to ensure an even
distribution. The mixture was heated at 90°C under continuous
stirring until the mixture gelatinized. Lastly, the mixture were
dried at 60°C to obtain powder form [1], [21].

D. Fourier Transform Infrared (FTIR) Spectroscopy

FTIR analyses were carried out by using Shimadzu FTIR-
8400 Series to determine the presence of functional groups in
the TPS materials and to reveal the interaction among
[Emim][OAc], water and starch. The sample was mixed with
KBr and pressed using PIKE Technologies CrushIR to form
disc. Then, the disc was scan from 400 to 4000 cm™.

TABLE I
COMPOSITION AND OBSERVATION OF TPS
Sample Plasticizer [Emim] Water
Content (%) Content (%)
SI0-IL3-W5.6 46,2 30 H“cropglca‘;g‘:fg;ma“y
S10-IL3-W7 50 35 Homogenous mass
S10-1L3-W8.7 53,9 40 Homogenous mass
S10-IL3-W10 56,5 435 Homogenous mass
S10-IL1.4-W5.6 70 329 Unplasticized in powder form
S10-IL1.6-W6.4 80 35,6 Unplasticized in powder form

III.LRESULTS AND DISCUSSION

A. Gelatinization

The gelatinization process of starch involves the complete
and/or the partial destruction of the initial crystalline order. By
processing at high temperature and suitable plasticizer, the
molecular chains gain mobility. Gelatinization process can be
done under shear and shearless condition, where the shearless
condition mainly depends on the water contents and
temperature. In the presence of water, structure of starch
granules was disrupted, breaking the bonds of hydrogen chains
and acts as primary plasticizer in which the second plasticizer
is needed to complete the gelatinization process.

From the previous study, the gelatinization process occurred
at 70% of total plasticizer contents and 1:4 w/w% ratio of
[Emim][OAc]/water. These parameters were used as basis to
design optimization experiment. However, the experiments did
not go well because all the samples did not mix together and
retained in the powder form. Therefore, new formulations were
tested in order to observe the gelatinization process. Based on
the literature review, the starch-glycerol-water mixture was in
the range of 100:30:11.2 and 100:30:40 in percentage [22]. The
preparations of TPS were carried out using the above range as
basis. Table II shows the composition and observation of the
TPS during the gelatinization process. In gelatinization process,
the range of temperature is between 90 to 180°C [23]. The
minimum temperature was chosen in the experiment. From the
observation, at high % of plasticizer contents the gelatinization
did not occurred. The samples were remained in the powder
form. When the amounts of [Emim][OAc] were increase to 3g,
the samples were mixed well. Increasing the % of water
contents at the constant mass of [Emim][OAc], the samples
showed homogenous mass. This is because TPS can be
obtained at below the excess of water, usually less than 66%
according to van Soest et al., [8]. This show that water content
give influence on the disruptive of starch granules. Besides,
water acts as primary plasticizer to disrupt the starch granules
before the second plasticizer i.e [Emim][OAc] to break through
and interact with starch hydroxyl groups.

B. Interactions Among [Emim][OAc], Water and Starch

Fig. 1 show the infrared absorption spectra for TPS samples
and Table III gives the position of the maximum of the most
significant peaks. Capron et al., have been reviewed the main
characteristics of the Mid-infrared spectra of starch[17]. The
three ranges of wavenumbers are:

e The 3000-3600 cm™ region in which a broad absorption
peak is associated with the stretching mode of the hydrogen
bonded O-H groups of starch and absorbed water

e The 950-1200 cm! region where are located the absorption
peaks of the C-C and C-O stretching vibration modes and
of the C-O-H bending modes

e The 950-700 cm™! region where are located the C-O-C a(1-
6) and o(1-4) stretching modes and the C-O-C ring
breathing modes

According to Ma et al., the peaks at 1080 and 1050 cm™' are
attributed to the C-O bond stretching in the C-O-H groups of
starch while the peaks at 1000 and 1020 ¢cm! are attributed to
the C-O bonds stretching in the C-O-C group of the
anhydroglucose rings. This is characteristic peaks use to
compare the strength of the hydrogen bonds formed by different
plasticizers with the oxygen atoms of starch [24].

The shift of peaks toward lower wavenumbers indicates an
increase of the hydrogen bonding to which the oxygen atoms of
the C-O bonds in starch are submitted. A similar shift toward
lower wavenumbers of the maximum of broad peak in 3000-
3600 cm™! range will indicate an increase of hydrogen bonding
to which the hydrogen atoms of O-H bonds in starch are
submitted. Meanwhile a shift toward higher wavenumbers will
indicate a decrease of hydrogen bonding [9], [25].
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FTIR spectra of native and TPS starches
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Fig. 1 FTIR spectra of native starch and TPS

The positions of the maximum of the main infrared
absorption peaks in Table III were calculated using the
LabSolutions software identification routine. Based on the
Table III, only stretching vibration mode of hydrogen bonded
O-H groups, stretching vibration mode of C-O bonds of C-O-C
and C-O-C a (1-6) links between anhydroglucose rings shows
significant variations.

TABLE III
POSITIONS OF THE MAXIMUM OF THE MAIN INFRARED ABSORPTION PEAKS OF
FIG. 1
O-H C-O stretch (C-O-C  C-O stretch  C-O stretch
Sample Stretch groups of (C-O-H (C-0-C
anhydroglucose rings) ~ groups) links n(1-6))
S10-IL3-W5.6  None 1012,56 None 856,34

S10-IL3-W7  3548,78 None 1081,99 854,41
S10-IL3-W8.7  3436,91 1018,34 1083,92 856,34
S10-IL3-W10 342534 None 1083,92 856,34

S10-IL1.4-W5.6 3400 1016,42 1083,92 858,26
S10-IL1.6-W6.4 3400 1016,42 1083,92 856,34

For the stretching mode of hydrogen bonded O-H groups,
only the samples containing 35, 40 and 43.5 % of water contents
were shifted to the higher wavenumbers and sample at 35% of
water contents show the highest wavenumbers. This show that
the global strength of hydrogen bonds to which the hydrogen
atoms of the O-H groups were submitted become lower in the
presence of [Emim][OAc] which explained by Yang et al.,[25].
The stretching vibration mode of C-O bonds of C-O-C groups
of starch were shifted to the higher wavenumbers at samples
containing 32.9, 35.6 and 40% of water contents. However,
there were no gelatinization occurred at samples containing
32.9 and 35.6% of water contents, which can be negligible. The
shifted of peaks towards higher wavenumbers indicate a
decrease of hydrogen bonding. Absorption peaks of all the
samples (except sample containing 32.9% of water contents)
were shifted towards lower wavenumbers at the stretching
vibration mode of the C-O bonds stretching in the C-O-C group
of the anhydroglucose rings. This is due to the strong interaction
between acetate anion in [Emim][OAc] and starch hydroxyl
groups, disrupting hydrogen bonding in starch polymer and

cause difficulty for amylose molecules to form single (and
double) helices [26].

The decrease of hydrogen bonding intensity and strong
interaction between acetate anion in [Emim][OAc] and starch
hydroxyl groups indicate that TPS was less hydrophilic. This is
because TPS plasticized by [Emim][OAc] have less interactions
with water molecules. Among all those samples, only starch-
[Emim][OAc]-water mixture at 10-3-8.7 show all those criteria.

IV.CONCLUSION

In this study, the influence of [Emim][OAc] and water in
gelatinization process and interactions with starch over a range
of compositions were investigated. Gelatinization process
occurred at samples containing 35, 40 and 43.5% of water
contents which showed homogenous mass. A detailed analysis
by infrared spectroscopy showed the strong formation of strong
hydrogen bonds between acetate anion in [Emim][OAc] and
starch hydroxyl groups and decrease of hydrogen bonding
intensity in the presence of [Emim][OAc]. From the study, the
ideal starch-[Emim][OAc]-water mixture is 10-3-8.7. As
conclusion, 10-3-8.7 will be use as a new basis to for
optimization experiment in order to develop TPS with excellent
rheological and physico-chemical properties to meet
conventional processing needs. In this regard, research is still
under way.
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